INTRODUCTION
The use of glass (and ceramics containing glassy phases) in a variety of gas atmospheres makes this study of practical interest. For the moderate gas atmosphere pressures and dilute solutions usually encountered, one can expect a reasonably idealized model to provide a meaningful representation of the physical system.
A large body of experimental data on gas solubility in glass is available in reviews .
1 ' 2 Adequate quantitative models for this system I are lacking. However, statistical models have been proposed for gas [3] [4] [5] [6] solubility in metals. These theories have successfully described the solubility of H 2 both with and without 'the formation of an hydride phase. Monatonuc gas solution in crystalline oxides has been treated for U02, 7 tridynrrte, 8 and cristobalite. 8 This paper proposes a statistical mechanical model for gas solution in glass.
The dissolved gas atom in previous statistical models was usually treated as an Einstein oscillator. The model developed in this paper also considers the possibility of translational motion by the dissolved gas atom. However, the oscillator model is shown to be satisfactory in considering the solubility of helium and neon in fused silica.
T"rlE MODEL
The model assumes an ideal gas in equilibrium with the species in solution. The ideal gas is represented by free particles in a threedimensional box. The dissolved state may be considered as a combination of translational (particle-in-a-box) motion ar1d/or vibrational (simple I Equilibrium between the gaseous and dissolved states requires
where G( g) and G( s) are the Gibbs free energy for the gaseous and dissolved states, respectively. Equation (1) is equivalent to
with H, T, and S the enthalpy, absolute ter;:perature, and entropy, respectively.
Expressions for the enthalpy and entropy can be obtained from the
and (4) where Q is the canonical ensemble partition function; k is Boltzm&~n's constant; and V is the volume containing a number of particles, N. Assuming the gas to be ideal, the Q is that for a system of N I indistinguishable particles in a three-dimensional box, i.e.
where m is the mass of one atom, h is Planck's constant, Vis the volume of the box, and q is the partition function for a single particle. Substituting Eq. (5) into Eqs. (3) a."ld (4) and using the ideal gas law 1 (pV=NkT), one obtains expressions for the enthalpy and entropy which combine to give (6) where p is the pressure of the gas atmosphere and R is the gas constant.
and
For the dissolved state,7
H(Q) and S(Q) are given by Eqs. (3) and (4) wh~re Q is now the partition function associated with the motion of the gas atom in the dissolved state. For the monatomic case, the motion shall be assumed to be combinations of translation (the particle in a box) and vibration
(the simple harmonic oscillator (9) where N is the number of solubility sites available per cubic centimeter s and n is the number of gas atoms dissolved per cubic centimeter of s glass. The value of n at one atmosphere pressure vrill be called "the s solubility." The derivation of Eq. ( 9) assumed that N. and n were s s large numbers and that N >>n . These assw~ptions should be valid for s s all real systems discussed in this paper.
Four cases of solubility will be considered:
(i) The dissolved species is held in a specific solubility site which is large enough to pennit three degrees of translational freedom.
For this case (10) This is essentially the form of Eq. ( 5) except that the V is the volwne s of a singJ:e solubility site and no N! term appears as the species dissolved at specific solubility sites are distinguishable.
(ii) The solubility site is disc-shaped and restricts tra,'1slation to two directions while adding one degree of vibrational freedom. For Substituting Eqs. (9) to (13) into Eqs. (3), (4), (7), and (8) give expressions for H(s) and S(a) for each of the four solubility cases.
Combining H(s) and S(s) gives G(s). By equ~ting G(s) to the given G(g)
in Eq. (6) and rearranging terms, one obtains the final results:
(1) For three degrees of translation in the dissolved state, .
..
(ii) For two degrees of translation and one degree of vibration,
(iii) For one degree of translation e..nd two degrees of vibration,
The translational motion considered in Eqs. (J)f), (15), and (16) could actually arise in two ways. First, translation could be in localized sites (e.g., pores) as pre;viously described. Second, trans~
lation could be throughout the solid structure, i.e. non-localized with the solid serving as a potential field with the potential being E(O).
The final equations are nearly the same for both cases. 
6
The translational motion has been treated classically in all the above cases. This is valid for translational dista11ces dm.,rn to a few angstroms in the temperature region of room terr:perature or above. Hovrever, . for such translational distances which are on the order of interatomic spacings in solids, the potential well would be expected to be nearly parabolic as associated wi~h the harmonic oscillator rather than square as associated with the particle in a box. 7 ' 8 Therefore, small solubility sites are again expected to produce vibrational motion rather than translation.
DISCUSSION
Equations ( 17 atoms-cm-3 -atm-1 .
-3 -1 atoms-em -atra .
The experimental value was 1 -2 x
The model, as presented, might be described as "ideal" solubility in that the dissolved state was asswued to be a combina.tion of indepen- 
